METHOD FOR CREATING A STEPPED STRUCTURE ON A SUBSTRATE 

BACKGOUND OF THE INVENTION 

5 

1. Field of the invention: 

The present invention relates to a method for creating a 
stepped structure on a substrate, and in particular to a 
10 self-adjusting method for creating a stepped structure, 
such as a gate oxide for an MOS transistor. 

2, Description of the related art: 

In some applications for the production of semiconductor 
15 devices, it may be desirable to form stepped structures. 
One such application involves for example certain MOS 
transistors (MOS = metal oxide semiconductor) , such as a 
LDMOS transistor (LDMOS = laterally diffused metal oxide 
semiconductor) . It is advantageous if the dielectric of a 
20 gate electrode, the gate oxide, has a lower thickness on 

the source side than on the drain side, so that a so-called 
step gate oxide is formed. This step gate oxide links the 
demands for a lower turn-on resistance Ranr i.e. a gate 
oxide as thin as possible, and for a high electrical 
25 strength, i.e. a gate oxide as thick as possible. 

In the prior art, methods are already known by means of 
which such an oxide step can be produced, and these methods 
are described as ^'dual-gox'' processes in which after the 
30 production of the oxide step an adjustment of the gate 
electrode to this step is required. 

This known method is not self-adjusting, so that 
restrictions result due to the limited adjusting 
35 possibilities of the exposure instruments used. The 

disadvantage of the gate structures produced in this way is 
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that a particular gate length cannot be fallen short of and 
certain tolerances cannot be achieved. 

A further disadvantage of the conventional methods is that 
5 a different doping of source regions and drain regions, as 
it is for example required in a LDMOS transistor, is 
possible only in a very difficult manner or even not at all 
in short gate structures. 

10 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide an 
improved method for creating a stepped structure on a 
15 substrate. 

In accordance with a first aspect, the present invention 
provides a method for creating a stepped structure on a 
substrate, wherein the stepped structure includes at least 

20 a first portion with a first thickness and a second portion 
with a second thickness, with the following steps: (a) 
applying a layer sequence of a first oxide layer, a first 
nitride layer, and a second oxide layer to the substrate; 
(b) removing a portion of the second oxide layer and a 

25 portion of the first nitride layer to expose a portion of 
the first oxide layer; (c) removing a part of the first 
nitride layer above the first oxide layer and below the 
second oxide layer to establish the first region of the 
stepped structure; (d) changing the thickness of the first 

30 oxide layer at least in the first region established in 

step (c) to establish the first thickness thereof; and (e) 
removing a part of the first nitride layer above the first 
oxide layer and below the second oxide layer to establish 
the second region of the stepped structure. 

35 



According to the present invention, the stepped structure 
is produced in a self-adjusting manner. 
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As opposed to conventional processes, the present invention 
has the advantage that by the self-adjusting method smaller 
gate lengths and/or lower tolerances are possible as they 
5 can be achieved with conventional methods and the 
correspondingly existing lithography methods. 

A further advantage of the present invention is that it 
enables different doping of the source regions and the 
10 drain regions, as it is for example required in a LDMOS 
transistor, even in very short gate structures- 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

These and other objects and features of the present 
invention will become clear from the following description 
taken in conjunction with the accompanying drawings, in 
which: 

20 

Fig. lA to IM show a first embodiment of the method 
according to the invention; and 

Fig. 2A to 2M show a second embodiment of the method 
25 according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 On the basis of Fig. 1, a first preferred embodiment of the 
present invention will now be explained in greater detail, 
wherein the various procedural steps according to this 
preferred embodiment will be explained in greater detail on 
the basis of Fig. lA to IM. 

35 

In Fig. lA, a semiconductor structure is illustrated that 
includes a substrate 100 comprising a first main surface 
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102 as well as a second main surface 104. On the first main 
surface 102 of the substrate 100, which is a silicon 
substrate in the embodiment illustrated, a layer sequence 
106 is created that includes a first oxide layer 108 
5 disposed on the substrate 100, a nitride layer 110 disposed 
on the first oxide layer 108, and a second oxide layer 112 
disposed on the nitride layer 110. In the embodiment 
illustrated, the oxide layers 108 and 112 are silicon 
dioxide layers and the nitride layer 110 is a silicon 
10 nitride layer. In Fig. lA, the silicon oxide/silicon 

nitride/silicon oxide sandwich 106 applied to the starting 
material (substrate) is illustrated. 

In a subsequent procedural step, the second or upper oxide 
15 layer 112 and the first nitride layer 110 ar'e structured 
using a lithography step and subsequent etching, whereby 
the structure illustrated in Fig. IB results, in which a 
portion 114 of the first oxide layer is exposed, so that in 
this region the surface of the first oxide layer 108 facing 
20 away from the substrate 100 is exposed. 

Subsequently, the first nitride layer 110 is selectively 
etched back wet-chemically to remove part of the nitride 
layer below the second oxide layer 112 and above the first 

25 oxide layer 108. Hereby, the length of the first region of 
the gate oxide to be created is adjusted. In the embodiment 
illustrated, the thicker portion of the stepped gate oxide 
structure to be created is hereby adjusted. The wet- 
chemical selective etching takes place for example by means 

30 of hot phosphoric acid 80% H3PO4, T - 155°C) for a 
period of time of e. g. 25 minutes. 

In Fig. IC, the resulting structure after the etching of 
the nitride layer 110 is shown. As can be seen, a region 
35 116 has been exposed below the second oxide layer 112, in 
which the nitride layer 110 has been etched back. The 
length of a first region of the step structure to be 
created is designated with XI. 
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In a subsequent step, an oxidation is conducted to increase 
the thickness of the first oxide layer 108 in the exposed 
region 114 as well as in the region 116. The result of this 
5 procedural step is shown in Fig. ID, and, as can be seen, 

the oxide layer 108 has been expanded in the region 114 and - 
in the region 116 relative to its original thickness, and 
in this region the oxide layer is provided with the 
reference numeral 118, Due to the oxidation conducted, it 
10 may occur that in a wall region 120 of the nitride layer 

110 an oxide (NiOx) forms, which has to be removed by very 
short oxide etching. 

Subsequently, again a selective wet-chemical etching back 
15 of the nitride layer 110 takes place to remove a further 

part of the nitride layer below the second oxide layer 112 
and above the first oxide layer 108. Hereby, the length of 
the region with a thinner gate oxide is adjusted. As 
already in the first wet-chemical etching step of the 
20 nitride layer 110, the etching here takes place for example 
by means of hot phosphoric acid 80% H3PO4, T 155°C) 
with an etching rate of 4 nm/min at a period of time of 
about 25 minutes. 

25 In Fig. IE, the resulting structure is shown. As can be 

seen, the exposed region 116 below the oxide layer 112 has 
been expanded by the wet-chemical etching, the length of 
this new region being indicated with X2 . In Fig. IE, the 
stepped structure of the oxide 108, 118, can already be 

30 recognized. 

Subsequently to a further etching step, a conform 
deposition of a polysilicon layer 122 onto the whole 
surface of the structure takes place, so that the structure 
35 shown in Fig. IF results. The polysilicon layer 122 is then 
anisotropically and selectively etched back to the silicon 
oxide layers, so that the structure shown in Fig. IG 
results, in which the polysilicon only remains in the 
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region 116. At this point of the production process, there 
is now the possibility for an implant, whereby the region 
(below the thick oxide layer) lying to the right of the 
future gate structure in Fig. IG is doped, but not the 
5 region in the substrate lying to the left of the future 

gate structure in Fig. IG, i.e. below the remaining nitride 
layer 110. 

In a further procedural step, a further silicon nitride 
10 layer 124 as well as a further oxide layer 126 are 

conformly deposited on the structure in a full-area manner, 
so that the structure shown in Fig. IH results. 

Then the further silicon oxide layer 126 is anisotropically 
15 and selectively etched back to the silicon nitride, so that 
an oxide remainder 128 remains at a topology step, as it is 
shown in Fig. II. The topology step has resulted by initial 
exposing of the region 114 and the subsequent filling of 
the region 116 with the polysilicon. 

20 

Subsequently hereto, the silicon nitride layer 124 is also 
selectively etched to the silicon oxide, and in addition to 
the oxide remainder 128 a nitride remainder 130 remains at 
the topology step, as it is shown in Fig. IJ. 

25 

The silicon oxide, i. e. the layers 112 and 118, as well 
the remainder 128 are then etched in a full-area manner and 
selectively to the silicon nitride, and if possible 
selectively to the silicon, so that the structure 
30 illustrated in Fig. IK results. 

Subsequently, the nitride layer 110 and the nitride 
remainder 130 are etched selectively, so the structure 
shown in Fig. IL results, in which then, if required, the 
35 oxide layer 108, 118 is anisotropically and selectively 

etched to the silicon of the substrate, so that the final 
stepped structure 132 results, as it is illustrated in Fig. 
IM. 
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Subsequently, on the basis of Fig. 2, a second preferred 
embodiment of the method according to the invention will be 
explained in greater detail, wherein, in the subsequent 
5 description of individual procedural steps, those 

procedural steps that have already been described on the 
basis of Fig. 1 are not described again . 

The procedural steps described in Fig. 2A to 2C correspond 
10 to the procedural steps described on the basis of Fig. lA 
to IC, and the structure resulting after them (see Fig. 2C) 
corresponds to that, as it results after the corresponding 
procedural steps according to Fig. lA to IC. 

15 The method according to the second embodiment differs from 
the first embodiment in so far as, after the first etching 
of the silicon nitride layer 110, the oxide layer 108 is 
now thinned, unlike in the first embodiment in which it was 
made thicker. As can been seen in Fig. 2D, the oxide of the 

20 first oxide layer 108 no longer covered by the silicon 

nitride after the etching of the silicon nitride layer 110 
was thinned, so that the thinned oxide layer 118 has 
formed. Preferably, for procedural reasons, the thinning of 
the oxide layer 108 will take place such that the oxide 

25 layer 108 is at first completely removed in the region 114 
and 116, and then a new oxide layer whose thickness is 
smaller than the thickness of the original oxide layer 108 
is created by oxidation. The nitride oxide (NiOx) forming 
on the nitride side wall 120 due to the oxidation is then 

30 removed with a very short oxide etching - 

Unlike the embodiment described on the basis of Fig. 1, 
according to Fig. 2, now the thinner region of the stepped 
structure of the gate oxide is formed at first, and after 
35 this step the silicon nitride layer 110 is again 

selectively etched back wet-chemically, whereby the length 
X2, now of the thicker region of the stepped structure, is 
adjusted. 
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The remaining steps for the completion of the structure 
shown on the basis of Fig. 2F to 2M correspond to the steps 
described on the basis of Fig. IF to IM, and with regard to 
5 the more detailed explanation of these steps reference is 
made to the previous description of Fig. IF to IM. 

In a similar way as in the first embodiment, in the second 
embodiment, an implant may also take place at this point of 

10 the production process after the creation of the step 
structure (see Fig. 2G) , whereby the region (below the 
thinner oxide layer) lying to the right of the future gate 
structure is doped, but not the region in the substrate 
lying to the left of the future gate structure in Fig. 2G, 

15 i.e. below the remaining nitride layer 110. Unlike the 

first embodiment (Fig. 1), in the second embodiment (Fig. 
2), the implant thus takes place in the region of the 
thinner oxide and not in the region of the thicker oxide. 

20 In the above description of the preferred embodiments, a 
silicon substrate 100 was used, and the oxide layers are 
Si02 layers. The nitride layers are Si3N4 layers. The 
present invention is not limited to these materials, but 
other suitable materials for the production of the stepped 

25 structure, such as organic materials, may also be employed. 
Furthermore, the polysilicon gate may be replaced by 
tungsten. Instead of a silicon substrate, a silicon carbide 
substrate may also be used. 

30 The advantage of the present invention is that it provides 
a self-adjusting method for the production of the stepped 
structure 132 (see Fig. IM or Fig. 2M) , wherein very short 
gate structures can be achieved by the method according to 
the invention. Regarding the dimension of the gate 

35 structure, no theoretical limitations exist. According to 
an embodiment, the gate length ranges between 0.1 pm and 
0.5 ]im, wherein the portion of the thin region is between 
20% and 80% of the overall length. 



200106083 

9 



Although the above method has been described on the basis 
of the production of a gate oxide layer for a MOS 
transistor, the present invention is not limited hereto, 
5 but rather finds its application in all semiconductor 
structures in which stepped structures are required. 

As described above, the silicon nitride layer 110 is wet- 
chemically etched two times selectively, wherein here 

10 preferably hot phosphoric acid (- 80% H3PO4, T - ISS^'C) is 
employed as an etchant at an etching rate of 4 nm/min. In 
the embodiments illustrated, equal lengths of about 0.1 jam 
are chosen for the two regions of the stepped structure, 
which is achieved by an etching period of about 25 minutes. 

15 In general, the wet-chemical etching may be performed using 
hot phosphoric acid 80% H3PO4, T 155°C} with an 
etching rate of 1 nm/min to 2 0 nm/min for a period of time 
of 1 minute to 400 minutes. Instead of the polysilicon 
layer, another electrically conducting layer may be used. 

20 

The present invention is not limited to the above-described 
production steps. Depending on the structures to be 
created, individual steps may be modified or omitted, or 
other steps may be inserted. 

25 

The present invention is not limited to the above-described 
embodiments. In addition to the described structures, 
structures with more than one step may also be created by 
the method according to the invention. In this case, 
30 repeated etching of the nitride layer 110 as well as a 

repeated oxidation (Fig. 1) or repeated thinning (Fig. 2) 
of the oxide layer takes place to thus create several 
steps . 

35 While this invention has been described in terms of several 
preferred embodiments, there are alterations, permutations, 
and equivalents which fall within the scope of this 
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invention. It should also be noted that there are many 
alternative ways of implementing the methods and 
compositions of the present invention. It is therefore 
intended that the following appended claims be interpreted 
5 as including all such alterations, permutations, and 
equivalents as fall within the true spirit and scope of the 
present invention . 



